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Abstract —This paper presents a predictive coding account of obsessive-compulsive disorder (OCD). We 
extend the predictive coding model to include the concept of a ‘formal narrative’, or temporal sequence of 
cognitive states inferred from sense data. We propose that human cognition uses a hierarchy of narratives to 
predict changes in the natural and social environment. Each layer in the hierarchy represents a distinct view 
of the world, but it also contributes to a global unitary perspective. We suggest that the global perspective 
remains intact in OCD but there is a dysfunction at a sub-linguistic level of cognition. The consequent failure 
of recognition is experienced as the external world being ‘not just right’, and its automatic correction is felt as 
compulsion. A wide variety of symptoms and some neuropsychological findings are thus explained by a single 
dysfunction. We conclude that the model provides a deeper explanation for behavioural observations than 
current models, and that it has potential for further development for application to neuropsychological data. 

keywords —obsessive-compulsive disorder, ocd, bayesian inference, predictive coding, generative models, 
prospection, mental imagery 


1. Introduction 

This paper presents an account of obsessive-compulsive disorder (OCD) based on a predictive coding model 
of cognition. An explanatory framework is presented and it is used to construct an account of OCD with a 
hypothesis for the underlying dysfunction. The paper is organised as follows: this section gives the context of 
the research by describing symptoms and theories of the disorder. Next, we describe the explanatory framework 
in detail and give an account of OCD with explanations for empirical results and symptoms. We suggest 
experimental work to test the hypothesis and establish its association with OCD. Finally we consider how the 
account compares with alternative models for OCD in terms of parsimony and fit to known data. 


1.1. Observations 


The symptoms of OCD are obsessions and compulsions. Obsessions are recurrent and persistent thoughts, 
impulses , or images which are experienced as intrusive and inappropriate, and they cause marked anxiety or 
distress ( DSMI . 2000|) . Compulsions are repetitive behaviours or mental acts that the person feels driven to per¬ 
form. Some examples of symptoms are: repeatedly checking gas taps or washing hands; fea ring having knocked 
some one down while driving; feeling an impulse to shout obscenities during a church service (iMiller and Coopeii . 
19881 pl96). More generally the focus of obsessions can be aggression, contamination an d symmetry among 
others, while compulsions are often centred on checking, ordering, cleaning and hoarding (DSM, 20001) . The 
categories are related: for example obsessions about aggression, religio us or sexual themes are associated with 
checking compulsions ( Summerfeldt et ah . 19991 : Ibeckman et al.l . Il99^ . Some patients exhibit common cogni¬ 
tive traits or beliefs: 1) Responsibility and th reat estimation, 2) Pe rfectionism and intolerance for uncertainty, 
and 3) Importance and control of thoughts (IOCCWGI. l2003l l2005l) . while other patients do not exhibit dys¬ 


functional beliefs (|Antonv and Barlo’ 


lou ghts lUEEWtjl. IzUUA UUUoll . while other patients do not exhibit dys- 
12002 : Tavlor et ah . 20061) . Some patients believe t hat the intrusive 


thoughts can influence event s in the world, a phenomenon known as ‘thought-action fusion’ ( Rachm^ . Il993l: 
Shafran and Rachmanl . 2004). 

A meta analysis of 113 studies found reduced p erformance in peop l e with OCD compared with healthy 
individuals across most neuropsychological domains (lAbramovitch et al.L 120131) . Those with OCD were found 
to score worse than controls on non-verbal memory tasks, with a much smaller effect size for verbal memory 
tasks, although there are questions about the involvement of impaired executive functioning and the effect o f 
medication on the non-verbal memory tasks ( Abramovitch et al.l . 2013 : Savage et ah . 19991: Shin et ah . 2010l) . 
Neuroimaging studies of OCD have found differences between patients with OCD and controls in the orbital 
gyrus and the head of the caudate nucleus ( Saxena et al. . 2001 : Whiteside et al.l. 


from both neuroimaging and neuropsychological studies is given in (iMenzies et al. 


2004). A review of evidence 


20081) . 
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1.2. Theories 


Some theoretical approaches to OCD emphasise the negative appraisal of intrusive thoughts, where such ap¬ 
praisals are engendered by dysfunctional beliefs. This cognitive-behavioural account of OCD begins by noting 
that intrusive thoughts and images, similar in content to clini cal obsessions, occur generally in the population 
( Jnlien et al.Ll200^ loibbsl . Il99dl : Bachman and de Silval . 1978h . The hypothesis is that in OCD such intrusions 
develop into obsessions when they are appraised as personally im portant, highly unacceptable or immoral, or as 
posing a threat for which the individual is personally responsible ( Abramowitz et ah . 2006 . 2007t) . Compulsions 
arise from an attempt to remove intrusions and prevent their harmful consequences, and these actions serve to 
increase the frequency of intrusions by acting as a reminder of their content. This accoun t of OCD was originated 
by several researchers ( McFalLand^^ollersheim ^ 197^ RachmM ^ 1997 ; Salkovski^ 1985 ). Beliefs, appraisals and 
symptoms have some correlation ( Abramowitz et al. , 120061 2007 ), and the pattern of this a ssociation has been 
addu ced as evidence for the cognitive-behavioural model of obse ssive-compuls i ve disorder ([A bramowitz et aT* 


2007). Some objections to the approach were articulated by Jakes ( J akesi 1989a : Salkovskis . 1989t Jakes . 1989bli . 


and a overview of criticisms within a wider context was given by Jakes ( Jakesl . 2006( 1. A more recent critique of 
the significance of dysf unctional appraisals and the cognitive-behavioural account was given by Cougle and Lee 
( Cougle and Led . 2014h . Some researchers have identified dimension s of harm avo i dance and incompleteness as 
more fundamental motives that contribute to compulsive behaviour (ISummerfeldt , 2004), wher e incompleteness 


is defined as an internal state of imperfection or ‘not just right’ exp erience (IColes et al.l. 200311. 


Other theories of OCD have i mplicated problems with m e mory ( Mulle r and Robertd . 2005 1. while another 


research strand focuses on habit ( Gravbiel and Rauchl 20001: lOillan et ah . l2014l l. Some researchers have em¬ 
phasised th e importance of biologica l factors: a brief theoretical overview of biological and other models is 


provided in Abramowitz et al. (l2009ll. Wise and Rapoport suggeste d that the disorder arises from a dysfunc¬ 


tion of the basal ganglia ( Wise and Rapoport . 1989t Rapoport . 1990ll . OCD can occur in childhood, associated 
with streptococcal infections, as part of the p aediatri c autoimmune neuropsychiatric d isorders associated with 
streptococcal infections (PANDAS) syndrome ( SwedoL 2002 : Leonard and Swed^ . 2001 1. The related hypothesis 
is that OCD (and tic disorders) arise from post-streptococcal immunity. A neuropsychological model, rele vant 
to the current study, explains OCD as a disturbance of security motivation ( Szechtman and WoodvI . 2004l l. In 
that account the symptoms of OCD stem from an inability to generate a ‘feeling of knowing’ that normally ter¬ 
minat es the expression of a security motivation system. Some critic isms of this model were given in iTavlor et al 


( 2005 1 and a response was given in Woody and Szechtmanl ( 20051. The context of the current st udy is that 
there are difficulties with the dominant theore tical approach (|jak^ (2006 : Cougle and Led . l2014[ l and there 


remains as yet no definitive account of OCD cf. iTavlor et al 


p88) and 


TougleandJL 
1 1 Jake.sl (l2006[ 


pl65). 


1.3. Predictive coding 

The symptoms of OCD suggest no obvious common cause and the disorder is heterogeneous, possibly with 
different subtypes ( McKav et al. . 2004l . S ome psycholo gical models for OCD do not go far beyond a description 
of the symptoms or traits of the patient ( Jaked . (20061 p42) and so they have weak explanatory power. Bio¬ 
logical models explain observed abnormalities in, for example imaging data, but they do not provide the level 
of description needed to explain symptoms. In explaining mental illnesses, the different levels of explanation 
- qualitative psychological explanations of symptoms, and formal electrophysical models at the neural level - 
have tended to be disjoint. There is some work tha t attempts to c lose this ‘explanatory gap’, in particular the 
Bayesian brain hy pothesis ( Ki^ and Ponget . 2004 : Fristonl 2012li which has been appl i ed to both neuroscien - 
tific observations ( Fristonl . l2005ah and symptoms of mental illness ( Fletcher and FritM 2008 ; Friston , 2005bli . 
Under this approach the brain is hypothe sised to maintain proba bilistic models of the environment and up¬ 
date the models using Bayesian inference ( Knill and PougetL (20041) . More specifically, the brain minimises the 


discrepancy between sensory input and the predictions made by an internal model, and in this way i t imple¬ 


ments Bayesian inference. The explanatory power of this predictive coding model is explo red in depth iniHohwy 
(l2013l i. The Bayesian brain concep t is usually traced to Helmholtz’s theory of perception (|Von Helmholtz! . II 866 I: 


Southall and von Helmholt j . Il925l) in which stimuli are seen as insufficient to generate percepts without prior 
information enabling unconscious inference. O ’Callaghan describes the dev elopment of perceptual theory from 
Helmholtz to a contemporary understanding ((Frankish and Ramsevl (2012, p78), and Friston provides a short 
history of the Bayesian brain idea from a neuroscientific point of view ( Fristonl . l2012li . 

Two relevant applications of predictive coding to psychopathology are as follows. First, Fletcher and 
Frith use a hierarchical model of brain function to explain hallucinations and delusions in schizophrenia 
( Fletcher and Frithl . 20081) . In a hierarchical model, prediction errors at a low level are passed up the hier- 
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archy until they are resolved or ‘explained away’ by a higher level. Fletcher and Frith postulate a failure in 
inference which leads to improper integration of new evi dence and a resultin g prediction error. Second, Corlett 
et al. use a predictive coding model to explain delusions ( Corlett et al. IH)- Their hypothesis is that aberrant 
prediction error leads to learning failure and this in turn leads to delusions and perceptual aberrations. The 
approach taken in the current paper also uses a hierarchical model of cognition and proposes a hypothesis for 
its dysfunction, in this case to explain the symptoms of OCD. 


2. A hierarchical narrative framework 


2.1. Hierarchical inference 


We first explain hierarchical Bayesian inference as a model for human cognition. We define an external state 
A as a cause or condition in the environment that fully determines the observations U. 


observations 

U 



Uwl 




0 

G3 Wi 

t 

LJw2 ^ 

0 

W 2 


■ 

■ 

■ 

^wk 

0 

Wk 



P(WIU) 



Figure 1 : Recognition as cognitive resonance. The rectangnlar boxes represent internal state models Wi ... Wk each of 
which can generate simulated observations Uwi ■ • • Uwk- The internal states W might be visnal features such as edges, 
or higher level percepts such as a human face. Perception is the process of inferring the model that best explains current 
observations U by using Bayes’ rule to find p{W\U) from p{U\W). In the figure, W2 is shown as resonating strongly 
with the observations. The process results in the graph p{W\U) which has a peak at W2 (right hand side). A familiar 
pattern will exhibit resonance, while closely related patterns also resonate to some extent. For example, an infant will 
recognise any human face, but will show particular affinity for the mother’s face. 

We define an internal state W as the cognitive representation of an external state based on the observations. 
The task for the cognitive apparatus is to find the distribution of internal states conditioned on observations, 
p{W\U) in order to model the external state. Figure [T] illustrates the process. The probability of each state 
Wi ... Wk individually generating the observations U is determined and the states that are most likely to have 
generated the observations U are preferred. The result is shown on the right hand side as a graph of p(W\U) 
against the internal states W. For a known pattern generated by a familiar state, the graph will show resonance 
for the corresponding model. 

Higher level inference is accomplished by using a hierarchy in which states inferred by one level are used as 
observations for the next, as shown in Figure[2] Observations arrive from sensory neurons as spike trains which 
are processed into features, such as edges in a visual scene. The features themselves become observations for a 
second level of inference which in turn uses them to infer states that are meaningful to the next level up. So 
higher levels attempt to predict or ‘explain away’ lower levels, so that ultimately the sense data is explained by 
the internal cognitive model. 

2.2. Formal narratives 

The generative models used for inference can also generate artificial observations which have the same 
distribution as represented in the model. We illustrate the process by using a generative model of language to 
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Figure 2: A pictorial representation of cognition as multi-level inference of inferred states. The graphs represent the 
conditional distribution p{W\U) which has a peak at the most likely state. Inferences from the lowest level may consist 
of features, such as edges in the visual scene, which become observations for the next level in the hierarchy. High level 
percepts needed for beliefs, thoughts and imagination are represented at the top of the hierarchy. The perception-belie f 
spectrum was suggested by Corlett to be relevant to delusions and hallucinations in schizophrenia JCorlett et al.l . [20ldl . 


create English sentences. The probability of a sequence of words Wk-, {wi,W 2 ,.. .Wk) can be expanded as, 

p(Wfe) = p{wi)p{w2\wi)p{w3\wi,W2) . . .p{wk\wi . ..Wk-l) (1) 

We can approximate the terms in the expansion by limiting the history length to give a bigram word model, 
which assumes that the probability of each word is influenced only by its predecessor. 


p{Wk) ^ p{wi)p{w2\wi)p{w3\w2) ■. .p{wk\Wk-l) 


( 2 ) 


The model then comprises the frequencies of starting words and pairs of words found in the training data. 
To create a new sentence, we take a starting word wi and choose the next word r andomly accord ing to its 
distribution in the model, and continue until the desired length is reached. Shannon ( Shannonl . 1 19481 p7) gives 
an example of an artificial sentence derived from a similar model of word sequences. 


THE HEAD AND IN FRONTAL ATTACK ON AN ENGLISH WRITER THAT THE CHARACTER OF THIS POINT IS 
THEREFORE ANOTHER METHOD FOR THE LETTERS THAT THE TIME OF WHO EVER TOLD THE PROBLEM FOR 
AN UNEXPECTED. 


The sentence as a whole approximates the distribution of the natural word order. If a bigram model is used, the 
generated text is word salad. Longer n-grams can be used, in which case the model comprises longer sequences 
of words. In this case the generated text becomes much more recognisably like English in its construction, but 
it usually has no coherent meaning. 

Eor modelling cognition we apply the same process of generation, but instead of words, we use the cognitive 
states W as generated elements. We call a sequence of generated states a formal narrative. To illustrate the 
idea we use the following situation from everyday life: a boy is walking home from school when he sees an¬ 
other boy in the distance. He makes an assessment of whether the stranger is a friend or a foe, and then acts 
accordingly. We denote the internal state representing the stranger as a foe, Wstranger-foe, and the internal 
state representing the boy running away, Wboy-mns, and so on. Some prospective narratives representing this 
fight-or“flight scenario are, 

^^boy—runs } 

^^boy—fights^ ^^stranger—fights^ 

^^boy—fights: ^^stranger-runs} 

The scenarios are illustrated in Figure [3] which shows two inferred states, representing the stranger as a friend 
and as a foe and their network of prospective narratives. 


A^l — stranger— foe 5 
A^2 — {^^stranger— foe 5 
A ^3 = {V^stranger— foe 5 
iV4 = ... 
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Figure 3: Example of prospective narratives generated from a model of states. The internal states which represent the 
stranger as a foe or a friend are inferred from observations. These states are those that best ‘explain away’ or predict 
the observations, which are themselves inferred states from lower in the cognitive hierarchy. A network of prospective 
narratives is then generated, whose probabilities depend on past experience. 


2.2.1. Hierarchies of narratives 


The notation for states in the example, such as Wstranger-foe, uses English because the states all lie at the 
linguistic level of cognition. The situation can also be represented using narratives in the more colloquial sense. 
So the formal narrative can be expressed retrospectively as, “I saw a unfriendly stranger, I fought him and 
he ran away”. The substates from which the state Wstranger-foe is inferred can not so easily be expressed in 
a natural language, but there is evidence that more primitive perceptions are also the outcome of a generative 
process. For example, the visual hallucina tions that occur in C harles Bonnet Syndrome have been proposed as 
evidence for a generative model of vision ( Reichert et al.L 2013ll . This point suggests that generated narratives 
could occur at levels of inference below those that can be expressed in a natural language, the ‘sub-linguistic’ 
level of cognition. In Figure S] the hierarchy is a generalisation of that in Figure [H to allow inference from 
narratives, where a narrative is either a single inferred state or a sequence of inferred states. This model has 
some intuitive appeal because it is usual to apply inference to narratives in everyday life. For example someone 
hearing N 3 as a retrospective narrative might question if the boy really did have a fight, or if he just made up 
the story. 


f 

belief 


inference 

level 

perception 



o 

c> 

o 


global 

inference 


Figure 4: A hierarchical narrative model of cognition. The graphs represent the conditional distribution p{N\U) which 
has a peak at the most probable narrative given the sense data. Each layer in the hierarchy represents a different 
perspective on the external world using a set of narratives. All the layers contribute to global inference, shown on the 
right, which represents unitary perception. 
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2.2.2. Cognition as a committee 


In the hierarchical model each layer holds a set of narratives which represents a ‘view’ or perspective of the 
world. For example, the lowest levels of inference may represent a visual scene composed of edges, while a high 
level might represent the behaviour of an adversary or friend. Each layer contributes to the global perspective, 
which represents the unitary perception of common experience. To illustrate this point, we use the metaphor 
of a multidisciplinary clinical team discussing a newly referred patient. Each team member has their own view 
according to their expertise and knowledge about the patient: some members might have a wide expertise but 
not see the patient very often, while others have day-to-day contact. In an efficient team, the consensus is not 
simply the view of the most senior clinicians, but it is informed by and distinct from all the members’ different 
views. We argue that a similar process takes place with cognition: the unitary view is not simply the inference 
made by the highest level of cognition, but it is derived from all the layers. 

The phil osophical study of unitary perception and consciousness has a long lineage, for example see Bavnel 
( 20091 . 2 OIOII . Support for a layered model of cognition is provided by instances when individuals do not believe 
what they see, as for example with optical illusions. In these cases inference at a high level overrides inferences 
made by a subordinate level, so the individual has the experience of perception without its consequent belief. 
The potential lack of coherence between levels is also releva nt to PCD, where the individual re cognises that the 
obsessional thoughts are a product of his or her own mind ( DSM . 2000l : Foa and Kozakl 1995). 


2.3. Generation of narratives 

There is a selective advantage to be derived from interpreting and predicting changes in the natural envi¬ 
ronment: an animal is more likely to reproduce if it can anticipate threats and rewards. One way of predicting 
changes in an undetermined environment is by the constant simulation of possible scenarios. We propose that 
new, counterfactual narratives are created from the generative models used for inference. The use of genera¬ 
tive m odels for anticipation, rather than only for predicting current sensations, was suggested bv iFriston et al 


(|201lf ). A similar id ea for employ ing generative models for prospection, retrospection and mental imagery was 
also put forward in iMoor^ ( 20141) . Since narratives stem from percepts and unconscious inferences, as shown 
in Figure m we can understand them as extending unitary perception into a manifold past and futur^. Just 
as a movie passes through time using a series of 2-dimensional scenes, a single prospective narrative can run 
percepts forward in time, generating for each step a prospective scene. However, whereas conscious perception 
is usually veridical in quality, prospective narratives are mostly counterfactual. 


2.3.1. The security motivational system 

The risk of an unlikely adverse event is the focus of some symptoms of OCD, such as checking and fear 
of harm. Szechtman and Woody suggest that a dysfunction in the security motivational system (SMS) under¬ 



invokes those behaviours. We suggest that the SMS simulates potential behaviour by creating a collection of 
narratives to guide the response. 

So we propose that, in response to a threat stimulus, a collection of narratives relating to that threat is 
generated. These narratives would involve the highest levels of cognition but the response has to be fast, sug¬ 
gesting that the ‘view’ of lower levels of cognition, using simpler inferred states, is also important. This is a dual 
process approach which recognises two modes of cognition, a fast System 1 which is old in evolutionary terms, 
and a slower System 2 which is more recent I Evansl 2003 ). We can compare the process with organisational 


security which performs penetration testing using scenarios to determine how attackers can gain access to sites 
or data. Significantly, these scenarios include threats which arise from within the organisation either through 
action or inaction. In the human population there will be some variation in narratives generated for simulation: 
some individuals will generate many narratives having a low probability. These unlikely narratives confer some 
protection in unpredictable circumstances, while a tendency towards more probable narratives makes for quick 
recognition. But if there is abnormal number of narratives having a low probability, we might expect there to 
be some dysfunction. 


^Simulation is relevant to b oth ‘mental time travel’, the process of mental l y pro jecting backwards or forwards in time 
ISuddendorf and Corballisl Il997h and to some theories of theory of mind llMitchelll . 120091) . 
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3. A predictive coding account of OCD 


The notion of generated threat scenarios, including threats from within, speaks to ‘fear of harm’ obsessions 
in OCD but it explains normal functioning rather than pathological obsessions. The challenge for any account 
of OCD is to propose a dysfunction that explains symptoms and which is supported by other evidence. For 
example, why are obsessions in OCD recurrent in nature, and why do they lead to marked distress? We begin 
by discussing the d ysfunction, then we examine the results from Gillan et a/.’s laboratory study of avoidance 
behaviour in OCD ( Gillan et al.l . I20l3l . Next we apply the predictive coding account to specific symptoms of 
OGD, and finally to neuropsychological evidence. 


3.1. The nature of the dysfunction 

Our hypothesis is that in OCD an abnormally high number of narratives having a low probability is generated. 
In consequence the posterior distribution p{N\U) is abnormally imprecise and inference, or recognition, becomes 
more uncertain. The dysfunction is located at a sub-linguistic level in the cognitive hierarchy, but the global 
System 2 inference remains intact: global inference is robust to failures of subordinate inference because it has 
evolved to manage uncertain sensory data. The dysfunction is illustrated in Figure [5l 



Figure 5: A representation of healthy and dysfunctional narrative distributions. The x-axis lists sub-linguistic narratives 
which are generated in response to a threat scenario. The curves show the estimation of the probability of each narrative 
given the evidence from the senses. The solid curve shows a healthy distribution with a peak at the most likely (veridical) 
narrative. The dashed curve shows an unhealthy distribution which arises because there are too many unlikely scenarios. 
There are two consequences to the dysfunction 1) unlikely events are collectively assigned too much probability mass, 
and 2) an abnormally low probability for veridical inference leading to impaired recognition by higher levels of inference. 

When there is impaired recognition of a threat, an individual acts both to improve that inference and to 
respond to the threat. For example, a driver slows down on approaching a traffic junction both to see the 
junction more clearly and to avoid a collisior0. In the presence of a threat, the urge to correct a perceptual 
deficiency is compelling: consider the reaction of a driver whose vision suddenly becomes obscured. The sys¬ 
tem for monitoring threats, the SMS, usually operates silently but in OGD attention returns repeatedly to a 
non-existent threat as the individual tries to improve precision. This account explains why the compulsion to 
act is strong and why attention keeps returning to the perceived threat. It also explains why individuals with 
OCD do not usually believe that a real threat exists: global inference is robust to deficiencies in the sensory 
data from an occluded scene, or to uncertainty in recognition. 

The robustness of global inference in the presence of uncertainty is illustrated by the following text, which 
has errors in most of the words. 

An illrtsaiuton of a haiirecrahcl Biseayan shceme for raednig. It sulohd be esay 
to raed the sentncee ‘leak and Jlil wnet up the hlil’. You splmiy covenrt 
the shaeps itno Itteers, the Iteters itno wdros and the wodrs itno sencestne. 

^The driver’s behaviour can be see n as a manifestation of active infe rence, a unified account of both action and perception 
motivated by the free energy principle llFriston et all l2010l : iFristonl l201Clh . 
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The original text was taken from an example in iFletcher and Fritbl (120081) . Each word has been modified 
to keep the first and last letters in place while the remainder are shuffled. Despite the word errors, the overall 
meaning can be inferred using prior knowledge and observed cues to predict the most likely word sequence. 
Individual words can to be recognised quite accurately from their context, but not necessarily in isolation. A 
consequence is that if we focus attention on one word in the hope of improving recognition, the effect is to 
impair it. This phenomenon is relevant to obsessive re-checking, and to traits of perfectionism and intolerance 
of uncertainty in OCD. 


3.2. Gillan et al. — Excessive avoidance habits 


Gillan et al.’s study is important both for its results and for its method, which provides an experimental 


model for some kinds of compulsion ( Gillan et al. , 2014ll . It tested the possibility that excessive behavioural 


repetition in OCD is driven by a failure to learn about safety rather than being evidence for habit formation. 
The experiment compared a group of 25 individuals having OCD with a matched control group. Participants 
were asked to avoid an electric shock by responding to a warning stimulus presented on the screen. Two 
electrodes were used, one connected to each wrist and each delivering a shock at random intervals. The shocks 
were preceded by a warning stimulus whose colour denoted either the right or left wrist as the target. To avoid 
the shock, participants had to respond within 750ms using a corresponding left or right pedal switch. The 
experimenters examined the effect of stimulus devaluation on goal-directed learning by disconnecting one of the 
electrodes in full view of the participant. The task design consisted of four stages: a training session, a first 
devaluation test, an extended training session and a final devaluation test. 

In the first devaluation test, both the OCD group and the control group behaved in a similar way: they 
responded more to the valued stimulus which represented a real shock than to the devalued stimulus which 
did not. So both OCD patients and control participants were capable of learning about safety. After extended 
training, the OCD group showed greater avoidance of the devalued stimulus compared with the control group, 
but there were no measurable differences in contingency knowledge, explicit threat appraisal, or physiological 
arousal between the groups. Those who responded to the devalued stimulus were asked to account for their 
action - why did they continue to respond to the stimulus corresponding to the disconnected electrode? The 
main categories of response were threat beliefs, T thought it could still shock me’, and accidental responses, ‘I 
lost concentration’. The authors concluded that these findings supported an account of OCD involving habit 
formation. How might Gillan et al.’s results be explained using the hierarchical narrative model? We consider 
three questions: 


3.2.1. Why do some participants eontinue to respond to a devalued stimulus? 

During the experiment the security motivational system in all participants generates prospective narratives 
representing the scenarios in which a shock occurs. From these narratives, the participant infers that a shock 
will occur if the correct pedal is not pressed when a stimulus appears. When the electrode is disconnected the 
narratives are updated, and the participant examines them in order to direct their actions. Those who responded 
to the devalued stimulus were unable to form a clear view of the prospective situat ion at a sub-linguistic level 
of inference. If Bayesian learning fails, heuristics may act as a fall back strategy ( O’Reilly et al.l . 120121 ). and 
there is evidence that in a rapidly changing environment, people act according to the last choice that they made 
( Summerfield et ah . 201ll) . So the behaviour is an attempt to improve recognition with a fallback strategy that 
is used when Bayesian inference fails. 


3.2.2. Why is some partieipants’ understanding not consistent with their behaviour ? 

In the experiment, the participants are aware of the usual conduct of modern psychological experiments, the 
function of electrical circuits and so on. These external conditions are coded by narratives at the linguistic level 
of cognition in both the OGD and control groups. There are also narratives at a sub-linguistic level using states 
to represent the stimulus and the shock. Both levels of narrative contribute to the individual’s unitary view 
of their situation. This global inference remains intact and results in a veridical perspective: the participants 
who responded to the devalued stimulus were not deluded. But their behaviour relies on the fast, sub-linguistic 
level, which is dysfunctional, so participants found their behaviour to be inconsistent with their understanding 
of the situation. 
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3.2.3. How do we account for the participants’ post-hoc explanations for their behaviour? 

Here we follow the explanation given by Gillan et al., who note d that in situations where behaviou r con¬ 


tradicts belief, people are known to alter beliefs to match behaviour (|Gillan et alJ . I20l4 iFestingeil 119621) . The 


need to reconcile beliefs and behaviour is prompted by a request to explain their behaviour but the partici¬ 
pants’ cognitive model was inconsistent at the time of decision: a sub-linguistic level of inference predicted a 
shock, while higher levels saw that the electrode was disconnected. This state of affairs cannot be accurately 
represe nted by a simp le explanation and it is confusing for the individual who experiences it: they are ‘in two 
minds’ ( Evand . I 2 OO 3 II . So some participants claimed that their action was consistent with their belief while 
others attributed their behaviour to accident. 

3.3. Explaining symptoms of OCD 

OGD covers a broad range of sym ptoms and there is no set of features both common and peculiar to all 
subtypes of the disorder ( Jakesl 20061 p26). Rather than confronting the problem of definition, the approach 
taken here is to explain specific behaviours and symptoms that are found in some individuals with OGD. This 
section applies the hierarchical narrative model to checking, fear of harm, intrusive thoughts, and ordering and 
symmetry obsessions. 

3.3.1. Checking 

We consider an examp le of compulsive checking where someone repeatedly checks that a gas tap is turned off 
( Miller and Cooper . 19881 pl96). Our explanation is broadly the same as that for the results of Gillan et al.’s 
experiment given in the last section. The individual with OCD has a correct global understanding that the gas 
tap is off even though there is a failure at a sub-linguistic level of inference. The individual’s SMS relies on this 
lower level inference so they have to act both to improve the inference and ensure their self-protection. Since 
inference about the external world is failing, the individual resorts to their last action under those conditions, 
and repeatedly checks the gas tap. However, checking does not rectify the failure of recognition, so the SMS 
does not terminate its response to the perceived threat. Obsessive thoughts, ‘perhaps the house will burn down’ 
are the inferences made by higher levels of cognition from the counterfactual narratives generated by the failing, 
sub-linguistic level. 

3.3.2. Fear of causing harm 

An exam ple is a case where an ind ividual thinks, without justification, that he has knocked someone down 
with his car ( Miller and Gooner . 19881 pl96). Here and in the case of checking there is a feeling of uncertainty 
about the true state of affairs - whether the gas tap is off, and whether an accident has really occu rred - 
accompanied by an underst anding that the obsessional thoughts are a product of his or her own mind (|DSMl . 
200nl: iFoa and Kozakl [l9^ . 

In individuals with OCD, a failure of inference at a sub-linguistic level of the cognitive hierarchy results in an 
unclear ‘view’ of the retrospective scene. The SMS acts both to protect the individual from a potential threat 
and to correct the failure of inference. So the individual is forced to finesse their perspective, but since their 
action does not improve recognition they are compelled to repeat the action. Obsessive thoughts, ‘perhaps I 
have run someone over’ are the inferences made by higher levels of cognition from the counterfactual narratives 
generated by the failing, sub-linguistic level. 

3.3.3. Intrusive thoughts 


_ Hudak et al. report a case of intrusive thoughts associated with postpartum OCD (|Hudak and Wisnei . 

I 2 OI 2 I ). A woman was afraid to be alone with her 9 week old son because of terrifying thoughts of stuffing the 
baby into a microwave oven. She also reported thoughts about stuffing her husband into a microwave oven 
which she found even more frightening because she realised that this was physically impossible. 

In this case, the SMS creates prospective narratives to simulate threat scenarios involving a microwave, but 
the dysfunction of sub-linguistic inference results in an unclear view of prospective scenes. So the SMS signals 
a strong urge to correct the perception in order to ensure that the child is protected. The SMS usually operates 
silently, without the individual being aware of the simulated scenarios, but the signal brings the process to 
the individual’s attention. However, since unitary inference remains intact, the woman ‘knows’ that she is not 
going to harm her baby, in the sense that she judges this to be the case. Her judgement is correct and her 
understanding is veridical, but knowledge is derived from multiple layers, including the failing sub-linguistic 
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layer, so it is partly impaired. The failure of i nference in the sub-linguistic l ayer has two consequences. First she 
has no feeling of knowledge or yedasentience I Szechtman and WoodvI . I^OOdll and she is compelled to correct this 
situation. Second, the failed inference is interpreted by the higher, linguistic layers of cognition and manifests 
as unusual narratives at a linguistic layer. There is a further consideration specifically in the case of OCD 
associated with childbirth: since it is a period of increased vulnerability for the infant there there may also 
be a natural increase in the generation of unlikely narratives in addition to any dysfunction of inference. This 
natural increase may be important in the development of OCD in individuals who are at risk of the disorder. 

3 . 3 . 4 . Ordering and symmetry obsessions 

Here we consider an example of a 38-year-old man who had obsessions with themes of: ‘(1) the need to 
know or remember details, (2) the need for exactness in behaviour and precision of expression, and (3) the 
need for symmetry and sameness in his physical environment (e.g., his appearance, the alignment of books, the 
condition of belongings). ... Distress ce ntred on not the content of obsessions, but ... on a tormenting sense 
of hyperawareness and dissatisfaction.’ ( Summerfeldt et allll999ll . 

The explanations given earlier for checking, fear of harm and intrusive thoughts have implicated a dys¬ 
function of the SMS. The dysfunction led to a failure to obtain precision in the distribution of p{N\U) at a 
sub-linguistic level of the cognitive hierarchy. With ordering and symmetry obsessions, the involvement of the 
SMS is less obvioufl, but the underlying dysfunction affects other functions that rely on modelling external 
events. Examples of normal ordering behaviour are straightening a painting that is aske w or tidying a desk , 
and these can be understood as active inference, a unified account of action and perception ( Friston et al.l . 20 ld: 
Fristonl.[20lnll . In OCD, an impre cise distribution of sub-linguistic narratives leads to ordered scenes appearing 
‘not just right’ ( Coles et al.[ 2003h . and it results in a compulsion to act. It is this attempt to achieve recognition 
by finessing precision that explains not just ordering behaviour but the other manifestations of OCD. 


3.4. Neuropsychological evidence 

A 2004 review analysed 50 studies of cognit ive impairment in OCD and concluded there was no clear and spe¬ 
cific neurocognitive profile ( Kuelz et al.l . 12004 1. However, it found that there was some evidence for visuospatial 
memory dysfunction in OCD, which they attributed to an underlying executive dysfunction. They also noted 
impaired verbal memory for tasks requiring effortful encoding strategies. A 2013 meta-analysis of II3 studies 
found an inconsistent picture of deficits, but noted the con trast between a large effe ct size for verbal memory 
compared with a small effect size for non-verbal memory ( Abramovitch et al. . 12013 ). The authors suggested 


that poorer performance on the Rey-Osterrieth Complex Figure Test (RCFT) may be related to executive 
functioning rather than to memory impairments per se, in line with a finding by Savage et al. that nonverbal 
memory problems in OCD subj ects were med i ated b y impaired organisational strategies used during the initial 
copy of the RCFT figure et al. ( Savage et al. . ll999l) . They suggested that the observed memory impairment is 
secondary to impaired executive strategies used during learning. These results were not replicated by Shin et 
al. who found that deficits i n organisat i onal s trategies mediated non-verbal memory impairment in medicated 


but not drug-naive patients ( Shin et ah . 2010l ). 


Many studies have confounding variables of medication, co-morbidity and heterogeneous groups which in¬ 
clude different subtypes, but the impairment of non-verb al memory has been a consi stent findi ng and it contrasts 
with t he relatively lesser impairment of verbal memory ( Muller and Roberts! . I2OO5I) . Further. ICuttler and Gral 
(|2007l) found that prospective memory was impaired in a sub-clinical group of compulsive checkers. The group 
performed poorly at remembering to perform a task in response to an event, though not when having to re¬ 
member to do something at some future time. This impairment of event-based, but not time-base d prospective 
memo ry was replicated using a sample of clinical OCD checkers ( Harris et al l lSl) . Additionally, iHarris et al 


( 201Clf ) found that clinical OCD checkers, unlike the sub-clinical group, had no more complaints about their 
perceived prospective memory ability than controls. 

Jaafari et al. applied reading span a nd backward locati on span tests to a group of 32 OCD patients and a 
group of individually matched controls ( .laafari et ah . 2013f ). They also examined checking behaviour by using 
an image comparison test with eye-tracking equipment to count gaze moves between the images. They found 
that both the verbal and visuospatial components of working memory were impaired in OCD participants, and 
that the OCD group made more gaze moves to compare images than the controls. Further, the patients’ deficit 
in the comparison task was negatively correlated with their working memory spans. There was no dependence 
of the working memory or gaze move scores on medication status. 


■^Although some ordering obsessions are associated with a fear of harm if the associated ritual is suppressed. 
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3.4-1. Interpretation by predictive coding 


How might we interpret these results in terms of predictive coding? According to a generative model, the 
perceptual apparatus generates an output to minimise error with incoming sense data, as illustrated in Figure 
[TJ A severe dysfunction in the generative process can lead to the visual hallucinations of Charles Bonnet 
Syndrome, whereas in this case the dysfunction leads to impaired recognition. In Jaafari et al.’s experiment 
( Jaafari et al.l . l2013ll the participant first views one image, then a second image on the same screen to make 
their comparison. During the comparison the participant recalls the first image by generating sub-linguistic 
narratives to model the image constituents. The participant compares the sensory data from the second image 
with these narratives to determine if the images are the same. In OCD the distribution of narratives generated 
for the first image is abnormally broad, as illustrated in Figure EJ so the outcome of the comparison process 
is uncertain. In consequence the participant looks back to the original image to finesse recognition, in other 
words to refresh their memory. The increased number of gaze moves made by the OCD group compared with 
controls is a manifestation of impaired recognition. We can compare this recognition failure with uncorrected 
vision: just as an optical defect leads to blurred vision, a generative dysfunction leads to uncertain inference. 

We see a similar failure of rec ognition in Cuttler and Graf’s finding that event-based but not time-based 
prospective memory was impaired ( Ciittler and Graf . l2nniii in a group sub-clinical compulsive checkers. To test 
event-based memory, they asked participants to give them a personal belonging at the start of the experiment, 
and told them to ask for it back in response to a specific verbal cue: ‘we are now finished with all of the tests’. At 
the end of the experiment, the experimenter gave the cue and allowed 10 seconds for the participant to respond. 
Among the 126 sub-clinical checkers tested, 56% of high checkers responded compared with 80% of low checkers. 
Again we interpret these results in terms of a failure of r ecognition at a subd inguistic level leading to a failure 
to recognise the cue. As with Jaafari et al.’s experiment ( Jaafari et ah . 20131) the participant compares sensory 
data, in this case an auditory cue, with narratives generated from their internal model. The broad distribution 
of generated narratives impairs the comparison process, so that the participant fails to recognise the cue. In 
contrast the time-based prospective memory remains unimpaired because it depends only on the individual 
monitoring the time to make their response. 


3.5. Testing the hypothesis 

We claim that in OCD recognition at a sub-linguistic level is impaired while global inference is intact. Two 
testable predictions can be derived from this claim. First, it should be possible to detect the failure of recog¬ 
nition at a sub-linguistic level of inference. Second, individuals with OCD should have an enhanced ability to 
make correct inferences in the presence of uncertainty and errors. There are some challenges in testing these 
predictions and we offer just an outline for what might be tested, and suggest some experimental paradigms. 

The design of behavioural experiments must allow for the correction or errors in sub-linguistic inference by 
global inference. Stoke s et al. gave an exa mple of probing cognitive variables using EEC, rather than relying 
only on a task design ( Stokes et al.l . 20141) . Using patterned images as stimuli, they used EEC and reaction 
time measurements to probe learning of cues indicating that a target stimulus is likely to follow. Participants 
were instructed to press a button as quickly as possible each time they detected the target image. A possible 
variation of their experiment is include some cue images that are similar to but distinct from the target cues, 
perhaps by transforming the original cue images (using rotation, mirror etc.). Participants with OCD should 
respond more to these pseudo-cues than would healthy individuals. Another possible paradigm is that employed 
by Zhao et al. wh o found that order ed triples of shapes bias attention towards their location, compared with 
random sequences ( Zhao et al.l . 2013h . Again, the experiment could be modified to include similar but distinct 
images in the triples: people with OCD would fail to distinguish these from the real cues. Since the recognition 
errors might be a function of a threat or reward context, it is necessary to test dependence on these variables. 

To test enhanced global inference in the presence of errors, we could measure reading speed and comprehen¬ 
sion on a piece of text such as the example in section 13.11 The deficit relative to the score without errors would 
indicate their robustness of global inference to error. But reading style depends on education and previous 
learning, so a similar experiment using images or patterns may have fewer confounds. Another approach is to 
test the participant’s ability to make correct inferences in a complex, underdetermined situation: people with 
OCD should perform better. One approach is to probe inferences from text where words have been deleted, so 
leaving the text open to multiple interpretations. A multiple-choice questionnaire would then allow the partic¬ 
ipant to select the most likely inference. People with OCD are, general ly, known to show poorer performance 
relative to healthy individuals across most neuropsychological domains ( Abramovitch et l2013l) . So in test¬ 
ing for enhanced inference ability, we would need to limit the group those who show checking behaviours, are 
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unmedicated and have no known comorbidity. 


4. Discussion 


Our model consists of the hierarchical narrative framework of cognition and the dysfunction which is hy¬ 
pothesised to cause OCD. We refer to this model of OCD as the ‘hierarchical narrative model’ (HNM). Here we 
consider how it compares with alternative models for OCD in terms of fit to known data. 

We begin by comparing the HNM with the habit hypothesis that is supported by Gillan et aZ.’s experimental 
results. The explanation of compulsions as habits does little to elucidate the mechanism: it does not go far 
beyond a description of the behaviour. The HNM explains the behaviour as an attempt to improve recognition 
with a fallback strategy which is used when Bayesian inference fails. This fallback is known to occur when in¬ 


formation is changing too rapid ly for the cognitive system, so it has support from existing data (jO’Reillv et al 


2012 : Summerfield et ah . 201lll . Gillan et al. explain obsessional thoughts as a means of resolving the disso¬ 


nance between behaviour and belief. Again, the HNM goes further by explaining this dissonance as a mismatch 
between global and sub-linguistic inference. So the model does not conflict with the habit hypothesis but instead 
subsumes and extends it. 

The cognitive-behavioural model of OCD sees obsessions as a universal phenomenon which turn into abnor¬ 
mal obse ssions when nega tively appraised, for example as implyin g some perso nal responsibility for the thought’s 


mai obse ssions wnen nega tively appraisea, tor example as implyin g some perso nal responsioiiity tor tne tnougnt s 
content ( Salkovsk5 1985t) . This account was criticised by Jakes ( JakesLE^DOdl p44) on grounds of parsimony: if 
negative appraisals result in abnormal obsessions, what causes the ‘normal’ obsessions that occur in the general 
population? In the HNM they arise from from the normal operation of a security mechanism which generates 
counterfactuals. Obsessions in OCD occur by the same mechanism, except that in OCD the unlikely scenarios 
occur more frequently. So the HNM explains normal and abnormal obsessions using a single cognitive model, 
and explains abnormal obsessions with a hypothesised dysfunct ion. Further, the co gnitive-behavioural model 


does not explain the strange content of some obsessions in OCD (jRassin et al.l . 1200711 . The HNM explains these 


obsessions as the interpretation by the higher, linguistic layers of cognition of the unusual narratives from the 
sub-linguistic layer. So, unlike the cognitive-behavioural model, the HNM elucidates the mechanism by which 
obsessions occur and explains how they differ from normal obsessions. 

According to t he cognitive-behavioural model com pulsions are understood as normal responses triggered by 
irrational beliefs ( Salkovsl^ IQSiih l Rachman . 1997il . The negative appraisal of an obsession leads to an the 
individual ‘neutralising’ the obsession, as when a mother suffering from postpartum OCD avoids her baby in 
order to prevent harm. However, this account does not expla in why indiv i duals with OCD recog nise that the 
obsessional thoughts are a product of his or her own mind ( DSM . I 2 OOOI : Foa and Kozak . 19951) . The HNM 
explains this phenomenon using a dual process theory. That is, the obsessions have a source at a sub-linguistic 
level of inference, while global inference - the unitary perception of the individual - is unimpaired. Compul¬ 
sions are understood as cognitive system automatically finessing inference to preserve their knowledge of the 
environment. This account explains both the strength of the compulsions, and their irrational and ego-dystonic 
nature. 


4.1. Neuropsychological models 


Some theories of OCD have implicated problems with memory or worry about a failure of prospective 
( Muller and Robertsl . 2005 : Cuttler and Grail 2007ll . Harris et al. ( 2010l l found that a clinical OCD group had 
no more concern about their prospective memory than a control group, and so amended this cause as explaining 
the development rather than the maintenance of checking compulsions. Yet they also found that both non- 
clinical and clinical checkers show a defici t in performance on an event-based memory t ask. This failure in 
memory is also observed in the results from l.Taafari et akl ( 201,'lh : Abramovitch et ^ ( 201,jh . The HNM predicts 
problems with memory because there is a failure of recognition which impedes coding, so the model subsumes 
and extends the memory hypothesis. 

Where the HNM has less to contribute is in interpretation o f imaging data. Here the the orbitofronto-striatal 


model and its variants support the data (jMenzies et al.l . l2008f) . However, the future development of the HNM, 


for example by specifying the kind of generative model, may allow for more precise predictions. In particular the 
default mode network is thought t o be engaged by self-project i on, including thinking ab out the future, episodic 
remembering and theory of mind ( Buckner and Garroll , 2007 : Soreng and Grad^. 2010 ). Abnorma lities of the 
default mode network have been found in bipolar disorder and schizophrenia ( Ongiir et al. . 2010ll . and there 
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is increased interest in its implications for OCD (jStern et all 120121 : iBeucke et alJ . 12014) . If the hypothesised 


dysfunction could be identified with the observed abnormalities, this would be strong evidence for the model. 


5. Conclusion 

We have presented a model for OCD using a predictive coding framework and a hypothesised dysfunction. 
The framework includes the concept of a formal narrative which follows from the use of generative models for 
inference. It consists of the following elements, 

1 ) A hierarchical narrative model of cognition has a hierarchy of inference layers, each of which contributes 
to the individual’s global view of their environment. 

2) Narratives are constantly generated to model the past, present and future in response to currently inferred 
states. These narratives are evaluated for risk and reward. 

We suggested that an illustrative metaphor for the hierarchical narrative model could be a multidisciplinary 
clinical team. Each team member forms a view from their prior beliefs and the evidence they see, and the global 
consensus is formed from the views of all the members. We proposed that OCD arises from a dysfunction at 
a sub-linguistic level of cognition while global inference remains broadly unimpaired. The consequent failure 
of recognition is experienced as the external world being ‘not just right’, and its automatic correction is felt as 
compulsion. The model explains a wide variety of symptoms and some neuropsychological findings. We outlined 
some experimental work to test the predictions made from hypothesis, and so to establish its association with 
OCD. Finally, we compared the model with existing theoretical approaches to OCD in terms of parsimony and 
fit to existing data. We conclude that the model provides a deeper explanation for behavioural observations 
than current models, and that it has potential for further development for application to neuropsychological 
data. 
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